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[METHOD FOR TRACK LOCKING 
IN AN OPTICAL DISC DRIVE] 

Background of Invention 

[0001 ] 1 .Field of the Invention 

[0002] The present invention relates to a method for track locking in an optical disc drive, 
and more specifically, to a method utilizing a tracking error signal within an off-track 
period as a control method for track locking. 

[0003] 2. Description of the Prior Art 

[0004] In a designing a control chip in a compact disc/digital versatile disc (CD/DVD) 
drive, a track locking of an optical pick-up head (PUH) is one of the most important 
control actions in CD/DVD drives. 

[0005] Generally, a close-loop control is used to perform the track locking of the 

CD/DVD drive. The close-loop control utilizes a location sensor to detect the track 
location of the optical pick-up head, with the obtained location information being 
transmitted to a controller in order to achieve the track locking which controls the 
pick-up head to a proper location. 

[0006] please refer to Fig.l . Fig.l is a diagram of a prior optical sensor for detecting a 
track location of an optical pick-up head. As Fig.l shows, the prior optical pick-up 
head emits a main-beam 1 2 and two sub-beams 1 6, 1 8 onto a compact disc 1 0 for 
reading data in a plurality of tracks 14 of the compact disc 10. The optical sensor 
produces a tracking error signal 20 from a difference of reflected light intensity 
between the two sub-beams 1 6, 1 8. The tracking error signal 20 is used to obtain the 
corresponding track location of the optical pick-up head. When the optical pick-up 
head aims at the track 1 4, the two sub-beams are located beside the track 1 4. At this 
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time, the difference of reflected light intensity between the two sub-beams 1 6, 1 8 is 
zero, meaning the tracking error signal 20 being zero, and the pick-up head is aiming 
at the track 1 4. 

[0007] Nevertheless, the tracking error signal 20 produced in this structure being a sine 
wave, one half of a cycle of the tracking error signal 20 can not show an actual error 
between the optical pick-up head and the tracks. This is a congenital limitation of this 
type of optical pick-up head. As Fig.l shows, when the main-beam 12 emits on an 
on-track period 21 , the tracking error signal can show the actual error between the 
optical pick-up head and the tracks. However, when the main-beam 12 emits on an 
off-track period 22, a change of the tracking error signal can not show that the main- 
beam 12 is far away from the tracks 14. Therefore, if the tracking error signal 20 in 
the off-track period 22 is transmitted to the controller, the controller obtains a wrong 
location information that causes a control system to go into a divergence state, and 
can not control the optical pick-up head exactly. To overcome this problem, a prior 
art utilizes a peak-hold method. 

j [0008] Please refer to Fig. 2. Fig. 2 is a diagram of a prior peak-hold controlling method. 

The prior peak-hold controlling method is capable of correcting the above tracking 
error signal 20 by producing a corrected tracking error signal 24 to input into the 
controller to prevent the diversion state. As Fig. 2 shows, if the optical pick-up head is 
located at the off-track period 22, the peak-hold control method is capable of holding 
a peak value 22B of the tracking error signal 20 in order to produce the corrected 
tracking error signal 24. Therefore, the controller of the CD/DVD drive is capable of 
driving the optical pick-up head to lock to a target track according to the corrected 
tracking error signal 24. 

[0009] Still, the peak-hold control method has some defects. In the actual application, 
although the above peak-hold control method can achieve a certain effect on a 
condition of low rotational speed operation or a low disc run-out, the method still can 
not achieve a satisfying result, for example in a high rotational speed operation 
(exceeding SOOOrpm), or a high disc run-out (exceeding 70 m m). Generally, the 
number of tracks being slided is higher in the peak-hold control method, and it takes 
more time on track locking. 


App_E>=09683648 


Page 2 of 17 


[001 0] Furthermore, in another prior track locking method, a brake pulse is used to solve 
the problem of the congenital limitation. In this control structure, when the optical 
pick-up head is located at the off-track period 22, a driver can directly output a brake 
pulse to drive the pick-up head regardless of the magnitude of the tracking error 
signal, thereby reducing speed of the pick-up head and pushing the pick-up head to 
the target track. But, this control method cannot avoid producing an overshoot or an 
undershoot state in lower track-crossing speed. That is, the pick-up head can vibrate 
back and forth at the target track and can not converge. The number of tracks being 
slided is reduced, but time taking on track locking can not be reduced. 

Summary of Invention 

[001 1] It is therefore a primary objective of the invention to provide a method for track 
^ locking in a compact disc/digital versatile disc (CD/DVD) drive and, more specifically, 

J3 to utilize a corrected tracking error signal within an off-track period for track locking. 

HI [001 2] The present invention discloses a method for track locking in an optical disc drive. 
0 1 The optical disc drive comprises a pick-up device for reading data from a plurality of 

m tracks of a compact disc. The compact disc comprisesa plurality of adjacent track 

periods, each track period including an on-track period and an off-track period, and 
m; the on-track period including only one track. The optical disc drive further comprises 

[n a driving device for driving the pick-up device, and a location detecting device for 

y detecting a location of the pick-up device and producing a tracking error signal. When 

the access device is located at the off-track period, a corrected tracking error signal is 
formed by taking a reference value as a standard to convert the tracking error signal. 

[001 3] It is an advantage of the present invention that the present method for track 

locking in an optical disc drive provides an effective brake force to reduce speed of 
the pick-up head when the pick-up head has a high track-cross speed. When the 
pick-up head has a low track-cross speed, the system is normally converged by an 
exact error signal, preventing the overshoot or the undershoot state. The 
experimental result also shows that the present invention can reduce the number of 
the tracks slided, shorten the track locking time, and enhance the track locking 
efficiency. 
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[0014] These and other objectives and advantages of the present invention will no doubt 
become obvious to those of ordinary skill in the art after reading the following 
detailed description of the preferred embodiment that is illustrated in the various 
figures and drawings. 

Brief Description of Drawings 

[001 5] Fig.l is a diagram of a prior optical sensor for detecting a corresponding track 
location of an optical pick-up head. 

[001 6] Fig. 2 is a diagram of a prior peak-hold controlling method. 

[001 7] Fig. 3 is a diagram of a control system of an optical disc drive according to one 
embodiment of the present invention. 

~ [001 8] Fig. 4 is a diagram of signals depicted in Fig. 3. 

j [001 9] Fig. 5 is a flow chart of a track locking method according to the present invention. 

: [0020] Fig.6A is a diagram of experiment results for a prior peak-hold control method. 

[0021] Fig.6B is a diagram of experiment results for the present invention. 

Detailed Description 

■ [0022] Please refer to Fig. 3. Fig. 3 is a diagram of a control system of an optical disc drive 
30 according to one embodiment of the present invention. The optical disc drive 30 
comprises a pick-up device (such as an optical pick-up head) 32 disposed on a sled 
46 for reading data from a plurality of tracks 36 (Fig.4) of a compact disc 34, a driving 
device 38 for driving the access device 32 to move between the plurality of tracks 36, 
a location detecting device (such as an optical sensor) for detecting a location of the 
pick-up device 32 and producing a tracking error signal TE, and a control device 40 
for controlling the driving device 38. As Fig. 3 shows, the driving device 38 comprises 
two drivers 38a, 38b for relatively moving the pick-up device 32 on the sled, and 
respectively moving the sled 46 to the optical disc drive 30. The control device 40 
comprises two compensators 40a, 40b for controlling the drivers 38a, 38b, 
respectively. The compensators 38a, 38b are, for example, prior PID controllers that 
can produce proper control signals according to corresponding error signals. 
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[0023] As Fig. 3 shows, the location device 42 produces the above tracking error signal TE 
from a corresponding movement of the pick-up device 32 to the track 36. The 
corresponding movement is produced by a combination of a disc run-out and a 
movement of the pick-up device 32. The tracking error signal TE, through an 
amplifying process of an amplifier 48, is converted into a corrected tracking error 
signal TEJnput by a signal correcting unit 50. The control device 40 controls the 
driving device 38 according to the corrected tracking error signal TEJnput in order to 
lock the pick-up device 32 to an target. 

Please refer to Fig. 4. Fig. 4 is a diagram of signals depicted in Fig. 3. As Fig. 4 
shows, the compact disc 34 comprises a plurality of adjacent track periods 54, each 
track period 54 comprising an on-track period 56 and an off-track period 58. The 
tracking error signal TE produced by the location detecting device 42 is a sine wave 
with the track period 54 as a cycle. On the left side of Fig.4 is a waveform of the 
tracking error signal TE when the pick-up device 32 moves outward along the 
compact disc. On the right side of Fig.4 is a waveform of the tracking error signal TE 
when the pick-up device 32 moves inward along the compact disc. 

As Fig.4 shows, when the pick-up device 32 is located at the on-track period 56, 
the location detecting device 42 produces the tracking error signal TE with a negative 
half-cycle feedback. When the pick-up device 32 is located at the off-track period 58, 
the location detecting device 42 produces the tracking error signal TE with a positive 
half-cycle feedback. When the pick-up device 32 is located at a common border 64 
between the on-track period 56 and the off-track period 58, the tracking error signal 
TE has a reference value 66. 

[0026] 

A main conception of the present invention is to utilize the tracking error signal 
TE with a positive half-cycle feedback comprising location error data within the off- 
track period 58 for producing the above correcting tracking error signal TEJnput, in 
order for the control device to control exactly the pick-up device 32 to lock to the 
target track. When the pick-up device 32 is located at the target track 36a, being 
within the on-track period 56, the corrected tracking error signal TEJnput is the same 
as an original tracking error signal TE. When the pick-up device 32 is located at the 
target track 36a, being within the off-track period 56 of the track period 58, the 
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corrected tracking error signal TEjnput is a mirror signal of the tracking error signal 
TE by taking the reference value 66 as a standard to convert the tracking error signal 
TE. When the pick-up device 32 is near to the target track 36a, the corrected tracking 
error signal TEjnput is smaller. When the pick-up device 32 is far from the target 
track 36a, the corrected tracking error signal TEjnput is larger. The corrected 
tracking error signal TEjnput is approximately proportional to a distance between the 
pick-up device 32 and the target track 36a, which tends to a linear ideal tracking error 
signal 68. As such, the corrected tracking error signal TEjnput can exactly show the 
distance between the pick-up device 32 and the target track 36a, in order for the 
control device 40 to control exactly the pick-up device 32 to lock to the target track 
36a. 

[0027] In practical applications, the above tracking control method and the correcting 
method of the tracking error signal is established in a control chip of an optical disc 
drive. The control chip can differentiate a location of the pick-up device 32, according 
to a track cross signal 70 (such as Radio Frequency Zero Cross, RFZC signal). As Fig.4 
shows, when the RFZC signal 70 is in a high level, the corrected tracking error signal 
TEjnput is determined to be the same as the original tracking error signal TE. When 
the RFZC signal 70 is in a low level, the corrected tracking error signal TEjnput is a 
mirror signal of the tracking error signal TE. 

! [0028] Please refer to Fig. 5. Fig. 5 is a flow chart of a track locking method according to 
the present invention. The track locking method comprises:Step 100: reading the 
tracking error signal TE;Step 1 02: reading the track cross signal to differentiate a 
location of the pick-up device 32 (at the on-track period or the off-track period);Step 
104: producing the corrected tracking error signal TEjnput, according to the tracking 
error signal TE:1) when the access device 32 is located at the ending track 36a of the 
on-track period 56,the corrected tracking error signal TEjnput is the same as the 
tracking error signal TE;2) when the pick-up device 32 is located at the target track 
36a of the off-track period 58, the corrected tracking error signal TEjnput is a mirror 
signal of the track cross signal by taking the tracking error signal TE as a standard to 
convert the tracking error signal TE; andStep 106: inputting the corrected tracking 
error signal TEjnput into the control device 40 for controlling the driving device 38 in 
order to lock to the track by the pick-up device 32. 
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[0029] Please refer to Fig.SA and Fig.6B. Fig.6A is a diagram of experimental results for a 
prior peak-hold control method. Fig.6B is a diagram of experimental results for the 
track locking method according to the present invention. As shown in Fig.6A and 
Fig.6B, TE is the tracking error signal TE, TEJnput is the corrected tracking error 
signal TEJnput transmitted to the control device 40, TRO is a control command signal 
transmitted from the compensator 40a to the driver 38a, and RFZC is the Radio 
Frequency Zero Cross signal (the track cross signal 70). As shown in Fig.6A, in a case 
of a rotational speed of 4800rpm and a track crossing speed of 1 6kHz, the prior 
peak-hold method produces a tracking command to lock a track, with nine tracks 
slided and a track locking time of 2.0 ms. As shown in Fig.6B, for the same conditions 
as above, the number of tracks slided is 2 and the track locking time is 1 .0 ms. The 
track locking method not only decrease the number of tracks slided, but also shortens 
the track locking time, meaning the track is locked rapidly. 

1 [0030] In contrast to the prior art, the track locking method of this invention utilizes the 
tracking error signal TE of the positive half-cycle feedback, that comprises distance 
data between the pick-up device 32 and the target track 36a, in order to produce the 
corresponding corrected tracking error signal TEJnput. Furthermore, when the pick- 
up head has a high track-crossing speed, the present invention produces an effective 
brake force, and when the pick-up head has a low track-crossing speed, the system is 
normally converged by an exact error signal thereby preventing the overshoot or the 
undershoot state. The experimental result also shows that the present invention can 
reduce the number of the tracks slided, shorten the track locking time, and enhance 
the track locking efficiency. 

[0031] The above disclosure is not intended as limiting. Those skilled in the art will 
readily observe that numerous modifications and alterations of the device may be 
made while retaining the teachings of the invention. Accordingly, the above disclosure 
should be construed as limited only by the metes and bounds of the appended claims. 
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